One of the fundamental problems of science is the difficulty in understanding the relationships that interconnect consciousness with space and time. The objective of this article is to describe the relationship between consciousness and space-time by relating the Integrated Information Theory (IIT) of Giulio Tononi with the fundamental notions of space and time of the restricted relativity theory. Considering that neuroscience suggests a correlation between consciousness and neural activity, it can be inferred that there is a connection between matter and consciousness and therefore, how the forces interacting with matter can influence consciousness. A further objective is to extend the study of consciousness beyond the skull, to have a mathematical overview describing whether the amount of information produced in the unity of time by a system is stable and absolute or rather whether it depends from the interaction with the space-time and by the speed at which the system moves. eISSN 1303-5150 www.neuroquantology.com eISSN 1303-5150 www.neuroquantology.com NeuroQuantology | May 2019| Volume 17 | Issue 06 | Page 45-57|
Introduction
The conscious experience and in particular how physics theories can be applied to explain consciousness and thought, is still debated and of great research interest. In this article, we will address this problem taking into account the relationship between consciousness and the space-time.
For many years, the problem of consciousness has been treated exclusively by philosophy and religion, with the idea that consciousness could not be the object of scientific research. Only in the last decades, neuroscience has allowed the adoption of a more scientific and methodological approach to this topic. The basic problem in the study of consciousness seems to be methodological. While in the study of physical phenomena we have a conscious being (the human being) that adopts a scientific method to explain a natural phenomenon, in the study of consciousness the situation becomes more complex. In this case, in fact, consciousness (the observer) seeks to study consciousness itself. No other element of the universe seems to be in the same tricky situation, i.e., wanting to understand itself.
The problem that will be analyzed in this paper, however, refers to the difficulty in understanding the relationship that interconnects consciousness to the fundamental laws of the universe and, in particular, to the space-time. Neurosciences have attained a profound knowledge of brain processes and it is possible to attribute, with a distinct precision, which brain activities are associated with certain cognitive NeuroQuantology | May 2019| Volume 17 | Issue 06 | Page 45-57| doi: 10.14704/nq.2019.17.06.2246 Marzola G., The Relativity of Consciousness: The Application of Time Dilation to The Theory of Integrated Information functions. The juxtaposition of consciousness to the known universal foundations could represent a possibility (though not immediately intuitive) of widening our knowledge. Even if consciousness seems to have totally different characteristics from the forces we know today in nature, it is by now undeniable that it is connected to the brain function and that it takes place within a space and a time.
In order to promote an integrated vision between consciousness and space and time, it was decided to take into consideration two already existing theories and to merge them into a single one. For the explanation of consciousness, it was decided to use the IIT (Information Integration Theory) because it is among the few theories that uses a mathematical approach to explain consciousness, but you can apply this work to all the theories that calculate the information considering time. For the explanation of space-time, we used Einstein's theory of restricted relativity (also called special relativity) because it is a good start and it is tested in several empirical experiments.
Tim Crane has recently argued that "you don't solve the problem of consciousness by looking into the brain" (Shlicht, 2018) . In this work consciousness is studied with an approach that goes beyond the cranial box. We will show how the levels of information processed (or integrated) in the time unit change in relation to the observer's point of view. In other words, what is conscious in one reference system may not be conscious in another.
In the first part we will introduce the bases of the IIT, in the second part we will introduce some bases of the "Special theory of relativity". Finally, we will combine the two theories and develop the theoretical and applicative consequences from a mathematical point of view.
Integrated Information Theory (IIT)
Giulio Tononi's IIT is one of the most promising theories on consciousness. Starting from the properties of consciousness itself, IIT is supported by a mathematical model, which allows to measure consciousness considering the way in which neurons process (integrate) information. Tononi was one of the first neuroscientists to start not from the brain, but from consciousness, treating it not only as an expression of brain functioning, but also as a particular way in which information is organized and processed, forming a whole which is more than and different from the sum of its single parts. In its last version (3.0 version) (Oizumi et al., 2014) , IIT is based on 5 axioms with consequent postulates. The first axiom states that consciousness exists intrinsically, which means that it has a cause-effect power at least on itself. The second axiom states that consciousness is structured and should hence be based on a structured substrate. The third axiom concerns information: each system from which consciousness emerges is a system that can stay in a high number of states, each of which is specific, as the associated conscious experience. According to the fourth axiom consciousness is integrated which means that the cause-effect structure defined by the system must be unified. Finally, the fifth axiom states that consciousness has borders, i.e. it moves within a precise spatiotemporal grain.
The objective of this paper is to relate IIT with the basic rules which govern space and time found in the Relativity theory (RT). To this end, one of the five axioms of IIT will be considered deriving a postulate that allows to calculate mathematically the amount of integrated information (ɸ) produced by a system constituted of logical gates. Each logical gate represents a neuron (or an aggregate of neurons) and the amount of integrated information produced by their interaction will be calculated both in a stationary system and in a relative motion system.
The fourth axiom of the IIT is the integration, according to which the experience is unitary and irreducible to the individual parts composing it. The content of consciousness is integrated into a unitary experience, which, if fragmented, would lose its value. "Take a word of a dozen letters, and let each man think his own letter. Well, nowhere will there be the consciousness of the whole word" (Tononi, 2012) .
According to the IIT, integration of information can be quantified mathematically. The integrated information symbol is ɸ (phi) where the vertical bar (I) stands for information and the circle (O) for integration (Tononi, 2012) . Once we understand that consciousness is a unitary and irreducible experience, we must expect that, even within the cerebral system, the structures that generate consciousness form unitary systems that cannot be reduced to the individual parts that compose them. Conscious experience is integrated, that is, every state of consciousness must be experienced as a single entity. This means that the substratum of consciousness must also be constituted by a single integrated entity (Tononi, 2003; Massimi, 2018) .
In the IIT 3.0 the integrated information ɸ is quantified by measuring the distance between the repertoire of the cause specified by the whole mechanism and the partitioned mechanism. In other words, ɸ is given by the distance "D" between the whole mechanism and the partitioned mechanism (Shlicht, 2018) . To better understand the situation, we consider Fig. 1 and take into account ABC in the current instant (t 0 ) and ABC in a future instant (t 1 ). In the repertoire of effects (effect repertoire) there is only one black column, which specifies that at the future time (t 1 ) the state of ABC will surely be 001. The current state of t 0 , therefore, provides enough information to be able to predict its future state. The exclusion of all other possible future states (except 001) provides a high level of information. The logical gate C (t 1 ) is a XOR and receives input from A (t 0 ) and from B (t 0 ); since A is on and B off, it is inevitable that C (t 1 ) will turn on.
The situation changes when, instead, we perform the minimum partitioning excluding the connections to the logic gate B (t 1 ) (as indicated by the dotted line in green). In this case, in fact, B (t 1 , on the right) is unencumbered by the inputs of A and C (t 0 , in the middle) therefore, we cannot say (as in the repertoire of effects) that the value of ABC (t 1 ) will definitely be 001, since B (t 1 ) could be either on or off. This means that even if the future condition in which the states of ABC (t 1 ) are equal to 001 is more likely to occur, the condition in which ABC (t 1 ) is 011 may also occur, as reported by the second black column in the repertoire of effects in minimum partitioning. The information in this second case is less, because there are more possible states of the system. ABC represents a complex (a simplified and schematized neural network) in its past, present and future states. Each past logical gate is connected to the other two logical gates in the present; every logical gate in the present is connected to the other two in the future. This generates a complex and integrated system over time which, according to the third postulate of information (Oizumi et al., 2014) , produces a quantity of information proportional to the quantity of causal constraints imposed by the past and the future of the ABC complex. This dense network of connections, which also takes into account the past and future status of the system, generates a unitary and integrated complex that can produce a unitary and integrated conscious experience. The integrated functioning of this system is related to a unitary and continuous conscious experience over time. What we experience in the present moment in fact not completely detached from the past and from the future, since the conscious experience follows a certain temporal direction, which can also be seen at the level of neuronal functioning (Oizumi et al., 2014) . Cutting only one of the connections inside the system shown in Fig. 1 would damage the amount of integrated information ɸ. Even by cutting the mechanism that makes the least difference within the complex, the level of ɸ would decrease. The minimum information partition (MIP) is the partition that causes the smaller decrease of ɸ than any other partition and it is represented in Fig. 1 with a dashed line. This means that "it is the partition that makes the slightest difference to the cause and effect repertories that are indicated by dashed lines in the system" (Oizumi et al., 2014) . The fundamental identity of the IIT is strongly connected to the concept of Integrated Information. According to the IIT, in fact, the quality (i.e. the content) of consciousness (i.e. the qualia) is specified by the structure of the physical substrate of consciousness and the amount of consciousness corresponds to its irreducibility (Tononi, 2016) . The theory of integrated information states that consciousness derives from the functioning of matter. When matter assumes a certain physical conformation and a certain functioning, consciousness emerges. In the same way, we can affirm that to every material conformation that produces integrated information, corresponds a state of consciousness. The more the subject takes on an organization aimed at producing a high amount of integrated information, the more the system will be conscious.
Conceiving consciousness as integrated information involves numerous repercussions.
Neurosciences have now established that there is a broad correlation between the functioning of specific brain areas and the performance of certain activities related to consciousness. Everything related to conscious experience, such as looking at a face or imagining walking in one's own home, has a physical counterpart which can be found in the functioning of the brain. The brain is the junction between the abstract content of thoughts and the physicality of the world.
The Special Theory of Relativity
The first principle of relativity concerned the relativity of motion and was formulated as early as in 1632 by Galileo describing the way in which fishes in an aquarium, inside a ship that moved according to a uniform rectilinear motion, freely swam in all directions, just as they would have done if the ship had been stationary. Through his imagination Galileo formulated, already in 1632, the principle of the relativity of motion, according to which an observer inside a reference context that moves according to a uniform rectilinear motion (Galilei, 1967) , cannot notice being in motion, because all the experiments give the same results if they will be done in reference systems moving each other of uniform rectilinear motion. Therefore, no experiment can be used to distinguish if a system is stationary or is traveling according to a uniform rectilinear motion. In fact, the Earth also rotates on itself at high speeds and runs around the sun at very high speeds. It also revolves around the center of the Milky Way at an estimated speed of about 792000 km/h and moves relative to the center of the universe at an exorbitant speed, which far exceeds the speed of displacement relative to the center of the Milky Way. However, despite these high speeds, when we sit on our desk or do our everyday actions, everything seems to be still, because, according to the principle of relativity of motion, what matters is the reference system. The Earth travels at four different speeds depending on the reference system that we take into consideration, but our desk is steady compared to ourselves, as are the walls of our room or the paintings hanging on the walls, and that's why all seems to us to remain still.
The principle of relativity of the motion as well as that of quantity of motion and of the angular momentum, even if old concepts of the classical mechanics are to pillars of the Theory of Special Relativity, introduced by Einstein, which introduced a new principle: the invariance of the velocity of the light that is identical in all the system of references and not changes if the sources or the observer is in motion. The speed of light is about 300000 km/s, in the vacuum (Styler, 2011) .
Einstein's Theory of Relativity is divided into "Theory of Special Relativity" and "Theory of General Relativity". This elaborate will concentrate only on a part of the special relativity, in order to understand its possible relations with the IIT of G. Tononi.
The consequences of the Theory of Special Relativity are: -The moving clocks tick slower (time dilation); -Moving objects are shortened (contraction of lengths); -Two clocks moving towards the same direction are not synchronized (synchronization of clocks) (Styler, 2011) .
All these three consequences of the Special Relativity, summarized with the aforementioned statements, can be attached to the phenomenon of consciousness, however this paper will take into account only the time dilation, according to which the clocks in motion, compared to a reference system, beat the time more slowly than the steady ones (always with respect to the same system of reference) (Capra, 2010) . This effect derives from the inextricable connection between space and time that is considered a single entity: space-time.
According to relativity, the more we move in space, the less we move in time. This means that a watch on the wrist of a walking person will beat the clock more slowly than a still clock. Naturally, the effects are so minimal when you are moving at velocity very low compared with that of the light, that they are totally negligible, however, as the speed with which a watch moves approaches that of the light, the effects become more evident. "For example, if an hour goes by for our watches, for a clock that moves:
-At half the speed of light, 51.96 minutes pass;
-At 3/5 of the speed of light, 48 minutes pass;
-At 4/5 of the speed of light, 36 minutes pass;
-At 99% of the speed of light, 8.5 minutes pass" (Styler, 2011) .
The best-known conceptual example for explaining the theory of special relativity is surely that of the twins. If one of a pair of twins remained on Earth, while the other left for a trip at speeds close to those of light, on his return the twin who traveled would be younger than his brother. This happens because from the point of view of the twin left on Earth, the watches of the traveling brother beat the clock more slowly. "The beating of the heart, the flow of blood, the brain waves, etc. would be slowed down during the journey" (Capra, 2010) . Therefore, not only will the twin who traveled be younger, but also their neural circuits will have worked more slowly and, consequently, one expects to be able to quantify mathematically how much less conscious experience has been experienced by a brain system in relative motion. Naturally, the traveler would not be aware of the slowness with which time passes, since everything remains unchanged from his point of reference; however, on his return, he will find that his brother older than him.
It is possible to understand the time dilation with a simple formula, derived from Lorenz transformations, which describe how speed, distance and time change between an inertial reference system and one in uniform rectilinear motion with respect to it. In other words, it explains how much is expanding the time as the speed of an object increases (compared to our reference system). The formula is as follows:
Where T 0 is the Time that passes from the point of view of a clock in its reference, T is the Time that passes from the point of view of the clock in motion with respect to the stationary clock (within the considered reference system), V it is the speed at which the clock travels and c is the speed of light. From this formula we can derive the inverse formula to find T:
To give an example, let's go back to the statement made earlier, according to which if you travel at 3/5 of c, time runs slower than your reference system. This means that:
T 0 = 60 min⋅ = 60 min ⋅ 0.8 = 48 min
As predicted above, an hour, from the point of view of a clock traveling at 3/5 of c, is equivalent to 48 minutes. This decrease in time does not apply only to the watch on your wrist, but also to your biological clock. In fact, the traveler would be 12 minutes younger and, possibly his conscious experience will last 12 minutes less.
Relativity Theory and Consciousness
Current neuroscience seems to provide a high amount of empirical evidence in favor of the correlation between the functioning of matter (organized in the form of a brain system) and the contents of consciousness. This correlation has different consequences; among these, it is expected that all the elements that interact with matter can make changes even within the conscious experience. In other words, if consciousness has a physical basis, the modification of the latter must inevitably lead to a change in conscious experience. Our objective is to understand how a description of consciousness changes as physics quantities change with a focus on the relation with space-time.
For the explanation of consciousness, there are many theories and the theory of special relativity can be applied to any conjecture of consciousness that takes into account the time factor. In this paper it was decided to use the IIT making a small conceptual change in the calculation of the PHI that allows us to take into account the integration of information measured in the unit of time. Both theories will not be used in their entirety, but only in part of them: we will consider the fourth postulate of the IIT (integration) (Oizumi et al., 2014) , and the principle of temporal expansion for the restricted Theory of relativity (Styler, 2011 Our hypothesis is that consciousness does not only depend on brain function, but the amount of conscious experienced, since depends on time, is affected by time dilatation. We can mathematically investigate this hypothesis by applying the theory of special relativity to the IIT.
The questions raised by this approach are of different nature. What happens to conscience consciousness when space-time relativity comes into play? If time slows as the speed of an object increases, do the amount of consciousness also decrease? In other words, do the amount of consciousness change according to the speed at which a system that produces integrated information travels? Is there a speed limit beyond which consciousness cannot exist? These questions merit to be considered to understand the underlying mechanisms. Among these, it is particularly interesting to think about what happens when we relate consciousness to the effects of the special relativity theory and, in particular, to the dilatation of time. Conceiving consciousness as arising from matter involves the need to analyze carefully all the consequences that derive from it. If we are dealing with consciousness because of a particular conformation of matter, it is necessary to fully understand the situation, analyzing also the possible consequences that the application of rules widely known in physics could have on consciousness, which can today no longer be treated as an isolated object disconnected from the universe.
Already in 2003, Tononi raised doubts about the role of space and time on consciousness. He was, in fact, uncertain about the dimensional space of the elements, as well as the period of time ("the temporal grain") to be considered for the calculation of ɸ. "We have talked a lot about complexes, complexities, mid-partitions, sub-sets, elements and so on, but we never bothered to specify if the elements in question are atoms, molecules, cells, brain areas, whole brains, whole organisms, cities, planets, or stars. Worse, we have not even spent a word discussing an important theoretical question: if the repertoire of states on which we measure complexity must be evaluated in times corresponding to fractions of a second, minutes, days or years" (Tononi, 2003) . This dilemma of Tononi seems to be the same that fueled the drafting of the present work. The basic problem is to understand at which spatial and temporal scales it is possible to identify the complexes of the IIT, since the values of ɸ vary according to these references. Tononi came out of this dilemma saying that the stairs in which the levels of complexity are maximal should represent the most suitable scales to divide the system. This means that, according to the IIT, the highest levels of integrated information are achieved by considering a spatial scale related to the functioning of neurons (and not of atoms or stars) and a time scale between a fraction of a second and a maximum of 2-3 seconds (and not billionths of a second or millennia). "For example, if complexity reached the maximum value considering single neurons, rather than minicolumns of neurons, the latter would constitute the elementary units of the information integration in the cortex. (...) The same logic applies to the temporal grain. Neurons have precise biophysical characteristics, including a certain speed of transmission of nerve impulses and a certain speed of response to the received impulses. (...) If we perturb the brain for just one millionth of a second, nothing would happen. (...) Therefore, there will exist a time constant, characteristic of the brain, which is necessary so that the interactions between its various parts can be fully manifested" (Tononi, 2003) . We need to determine the spatio-temporal scale at which φ reaches a maximum (Massimini and Tononi, 2018) .
Considering that we talk about time, a question comes spontaneously: why do not the calculations consider this parameter? Why is complexity measured against the spatial organization of complexes without taking time into account? Already in 2003, Tononi asked this question: "Is it more plausible that consciousness is measured by pure and simple complexity, or not by complexity in the unity of time? Is it integrated information or speed of information integration? (...) In the first case, two systems with the same organization, but one thousand times slower than the other, would have the same amount of consciousness, even if the conscious experience ran at different speeds in the two systems. If instead consciousness corresponded to the complexity in the unit of time, it would follow that the first system is a thousand times more conscious than the second, because it manages to integrate the same amount of information more quickly. (...) But not all questions can be asked easily and rapidly" (Tononi, 2003) .
Currently, the calculation of ɸ is carried out on the basis of the spatial conformation of a complex whose set is greater than the sum of the individual parts composing it. This partly excludes time, since from the spatial conformation alone we can derive a calculation of phi. However, the notion of time remains, since information levels vary depending on how much the current state of a system constrains its past and future states (Oizumi et al., 2014) . Integration also generates a quantity of information proportional to the quantity of causal constraints imposed by the past and the future of the complex. Therefore, although ɸ is not calculated in the unit of time, it is strictly connected to the past, to the present and to the future of a system.
It is undeniable that time plays a central role for consciousness (Eichenbaum et al., 2016) . This is even more deductible starting from a simple axiom: if time does not flow, consciousness could not evolve, unless we consider the flow of time as the consequence of the movement of consciousness within a fixed time. Furthermore, if time would stop, the brain structures would not work, and the amount of integrated information would be zero. The passage across time seems a fundamental requirement for the existence of consciousness, for how we are used to conceiving the universe. A still time would have as consequence that no logical gate could send input to the other, and that the past state of a system cannot constrain a hypothetical future state to generate information.
The dependence of consciousness on the temporal dimension and our willingness to investigate the relationship between consciousness and spacetime, forces us to measure integrated information (ɸ) even in the unit of time, as well as in relation to its spatial conformation. However, deciding to insert the time in the calculation of ɸ, should be considered that it is not an absolute dimension, but a relative one. To this end, the use of the relativity theory laws is mandatory. Classical physics was founded on the idea that the space is three-dimensional, that the position of an object is not absolute but can be described relative to a reference system, whereas time is an absolute quantity, has a homogeneous flow and is independent of the reference system considered. "Einstein's work was needed for scientists and philosophers to realize that geometry is not inherent in nature but is imposed on it by our mind" (Capra, 2010) .
The new conception of space and time is based on the Einstein's assumption that only the velocity of the light is an absolute quantity and independent of the reference system, therefore all the other quantities including time is relative. This hypothesis that space and time are relative was confirmed by several measurements of space and time. According to the American physicist Fritjof Capra, in everyday life, the impression of being able to order events in a single timeline is created by the fact that the speed of light is so great compared to any other speed of which we can have a direct experience, which leads us to suppose that we are observing the events at the instant in which they occur. Light takes some time to go from the event to the observer. The period of time between the unfolding of an event and its observation is decisive for consciousness to preserve the temporal sequence (Capra, 2010) . For example, sunlight takes, on average, 8.31 minutes to get to earth. This means that a conscious being on earth sees the sun as it was 8.31 minutes before the reference instant, considering as system of reference the earth. It is evident that the consciousness of reality is lagging behind the reality itself, both because the light, the sound and any other perceived element take some time to reach our body, and because the brain needs some time to process information in order to transform it into a conscious experience. According to relativity, "events that may appear simultaneous for an observer can occur in different time sequences for another observer. At ordinary speeds, the effects are so small that they cannot be detected, but when they approach speeds similar to those of light, they give rise to measurable effects" (Styler, 2011) . This conception of time leads to abandon the concept of absolute time supported by the so-called Newtonian physics. The theory of relativity led to the fusion of the concepts of space and time: "together with the three spatial coordinates, we must incorporate time as the fourth coordinate that must be specified in relation to the observer" (Capra, 2010) . While inserting time within the spatial coordinates, the role of the observer has to be specified. Within this vision, as well as adding time to spatial dimensions, Einstein inserted a fifth element that has gone unnoticed for years: consciousness. In fact, the whole theory of relativity is based on the modification of the absolutist conception of space and time, in relation to the different experience that would make observers (therefore, consciousnesses) who look at the universe from different perspectives. We could say that the substantial difference between the physics of relativity and the classical physics lies in the fact that the first conceives the universe through the observation of different consciousnesses that experience it from multiple points of view, while the second conceives nature starting from a single absolutist perspective. Within this perspective "every variation of the coordinate system (that is, every variation of the position of a perceptive system (Capra, 2010) . In this paper we expect that at luminary speeds also the consciousness starts to behave in a particular way in relation to the dilation of time and the reference system.
The concepts of space and time are so fundamental for the description of natural phenomena that their modifications involve a change in the approach with which science describes nature. It is inevitable that this mutation entails different implications, even as regards the explanation of consciousness. Only in the last few decades, theories have been developed concerning the explanation of consciousness; it is therefore understandable how, so far, the studies concerning the consequences of relativity on consciousness are quite limited (Sieb, 2016) . However, having several theories for understanding consciousness, and evaluating the possibility of making mathematical calculations with some of them (as it is possible to do with the IIT), it may be worth to perform a test in order to evaluate the consequences deriving from an overlap between theories of consciousness with theories concerning the space-time.
Thanks to the evident connection between the cerebral structures and the phenomenological aspects of consciousness, the studies so far focused purely on neural correlates of consciousness (NCC) defined as the minimal neural mechanisms jointly sufficient for any specific conscious percept (Tononi and Koch, 2008; Fazekas and Overgaard, 2018) . This does not take away from the fact that there is another connection to be taken into consideration, deriving from a fact, that is, from an axiom: the consciousness resides within the space-time. The connection between consciousness and space-time is as direct as it is with its physical substrate, since it is right this connection which the space-time which leads consciousness to emerge from matter (Sieb, 2016) . Matter is intended as a folding of the space-time and when space-time warps so to produce integrated information, consciousness emerges from it.
Consciousness is thus related to the space-time in an interdependent manner. As space and time have relative measures, also consciousness could have such a kind of measures, on the basis of its relations with the time-space grain.
Measuring Consciousness Considering the Special Relativity Theory: A Relative Phi?
We will use the twin paradox to understand the relation between consciousness and space-time. To take a concrete example, let's consider two twins. The first, Giulio, travels at 86.6% of the speed of light, while his brother, Albert, prefers to remain on Earth. Albert waits many years, and finally, after 20 years, he sees Giulio landing on Earth. But on his return, he notices something strange: Giulio is much younger than him! Even Giulio is amazed to see Albert so old, considering that from the beginning of the journey for him, just 10 years passed, and not 20. Albert remembers having greeted Julius 20 years ago, while Giulio remembers having greeted him only 10 years ago.
All this can be explained by the effects of relativity. The enormous speed at which Giulio traveled (eliminating accelerations and decelerations for calculation convenience) led to a dilation of the time spent for him compared to that spent for Albert. This can be explained by a simple mathematical calculation:
T 0 is the time that passes in the reference of Giulio who is moving at a speed equal to 86.6% of c. T is instead the time that passes for Albert while waiting for his brother on Earth. Now everything is clearer with regard to age, but Albert and Giulio cannot agree on a question: Albert claims to have been more aware of Giulio because he had more time to integrate information, therefore, his ɸ should be superior; Giulio, on the other hand, states that ɸ is not quantified on the unity of time, so their level of consciousness should remain the same. Both, however, agree that Albert experienced quantitatively more conscious experience of Giulio because he had more time to integrate information. The effects of relativity, in fact, not only acted on the watches that the two twins wore on their wrists, but also on their biological clocks and even on their running brains. Despite this, Giulio did not at all feel that his mind traveled more slowly because, from his point of view, At present we know that Giulio's conscious experience lasted less than Albert's and we can calculate mathematically how much considering the dependence on time, using the Lorentz Transformation. Furthermore, in order to appreciate the amount of integrated information produced in the time unit, we introduce now ɸUT (ɸ in the time unit).
For simplicity of calculation (Fig. 2) , imagine taking into account 3 neurons in the brain of Albert and 3 neurons in that of Giulio and assume the ideal case in which they work in a similar way, in order to yield the same value of ɸ. These 3 neurons are transformed into logical gates (OR, AND and XOR), in order to quantify the value of ɸ using a software for the computation of integrated information (Mayner et al., 2018) .
ɸ UT = ɸ t
The hypothesis that the functioning of a system is always the same that repeats over time is certainly in contrast with an increase in the level of ɸ, however, at least at first, it could be useful to simplify the calculations and to understand how the amount of conscious experience within an integrated system varies in relation to time. Continuing with this hypothesis it is interesting to note that the value of ɸ UT (the integrated information measured per unit of time) is equivalent to: 1.91677 ɸ . 1 s = 1.91677 ɸ/s To understand the concept, assume for absurd that the ABC system repeats three times its activity and that every repetition takes place in one second (Fig. 3) . Figure 2 . The simple system considered as example in the text (see also PyPhi: A toolbox for integrated information theory; (Mayner, 2018) ).
From the computation of integrated information of the logical gates of the ABC system, where A is an on OR gate, B an off AND gate and C an off XOR gate, it emerges that ɸ is equal to 1.91667. So, considering that Albert, in the reference frame fixed with the earth, is still and with respect to Giulio is moving respect to the same reference frame, the value of ɸ integrated by 3 of his neurons is equal to 1.91677. However, hypothesizing that the system refers to 1 s of constant activity, we could consider ɸ referred to the time unit, which we will call ɸ UT . We will have, therefore, that: In the case of Albert, who is in a stationary system compared to Giulio: ɸ UT = 1.91677 ɸ . 3 s = 5.75031ɸ UT The system, therefore, after 3 s will have produced 3 times 1.91677 ɸ, reaching a value of 5.75031 ɸ UT . In 1s the value remains unchanged, but within 3s, assuming that there are no variations, the value of the integrated information considered per unit of time in a stationary system would be equal to ɸ multiplied by 3 s. In this way we obtain the value of the integrated information calculated in the time unit of Albert, which is stationary on Earth with respect to Giulio (Fig. 4) .
For Giulio, however, the situation is different because, as he moves at 86.6% of the speed of light, we must consider the temporal dilatation deriving from the effects described in Einstein's special relativity. For Giulio, in the calculation of the integrated information in the time unit, the time dilation formula must be taken into consideration. In this way we will have that:
Where ɸ is integrated information, t is time, V is the speed of the system and c light speed. This means that in the current case, Giulio's neurons who travel, compared to those of Albert, at a speed equal to 86.6% of that of light, will produce an amount of integrated information per time unit (ɸ UT ) equal to that of Albert, but multiplied by the time dilation: ɸ UT (Giulio) = 1.91677. To summarize, if we consider the information integrated in the unit of time, its value changes in relation to the speed at which the conscious system travels. This involves a relativistic conception of consciousness, which is not constant in all reference systems, but changes in relation to its position in space-time.
The Application of Relative Consciousness to Universal Expansion
Not limiting the study to the skull box, it can be observed how consciousness is immersed in a dynamic universe where it moves constantly. No consciousness is still in the universe, because our universe is in constant motion. Although at ordinary speeds the effects of relativity on consciousness are limited, if we consider magnitudes of the order of light years and high velocities, the implications of relativity can become evident.
"When we study the universe as a whole, with its millions of galaxies, we reach the maximum scale of space and time; at that cosmic level, we discover that the universe is not static, but in continuous expansion. The rate of recession of every galaxy that we observe is proportional to the distance of the galaxy itself" (Capra, 2010) . The more distant it is, the faster it gets away from us. In any galaxy, you would watch the galaxies move away from you: the nearest galaxies would move away at the speed of several thousand kilometers per second, the most distant at higher speeds, and those far away at speeds close to those of light" (Capra, 2010) .
If we consider consciousness in the unity of time, it follows that its amount varies in relation to space-time and, more precisely, to the amount of processing time. Since time is a relative element, even the values of consciousness over time tend to become relative. Furthermore, if we consider that our universe is expanding and that galaxies that are very far from ours are moving away at near or even at higher speeds than light (Jarvis et al., 2001) , we must expect that the levels of consciousness in the unit of time (ɸ UT ), of possible consciousnesses present on such galaxies, are as much lower as they are far away. This means that the further we move away from our point of reference, the more the consciousness in the unit of time decreases. But the most interesting aspect of this situation seems to be that this is not valid only for a consciousness that is on Earth, but also for a possible consciousness that is present in any other galaxy. By changing the reference point, the amount of consciousness in the unit of time varies. In 2003, Tononi wrote that "If complexity is consciousness, it certainly cannot have an arbitrary value! It cannot be that how much I am conscious now depends on how we choose the units of space and time. Galileo is conscious and that's the end of that, regardless of the units of reference!"
In reality, Tononi was right in affirming this, since his conception of consciousness did not develop in the unity of time, but simply in the integrated information produced by a system thanks to its physical-functional structure. However, if we consider consciousness in the unity of time, we can no longer speak of an absolute consciousness, but of a relative consciousness. Introducing the concept of relative consciousness, the conscious per time unit of Albert is different of that of Giulio, because the latter being in a distant galaxy, is traveling, compared to him, at speeds close to those of light and could easily learn how his level of consciousness in unit of time would be inferior to his one. Likewise, Albert, from his point of view, would have seen Giulio moving away at very high speeds and calculating how the level of consciousness in Giulio's time unit is lower than his own.
To better understand the situation, it is particularly useful to face the question with a mathematical approach. Considering a very distant galaxy that moves, with respect to the Earth, at speeds close to those of light, and assuming to place a system that integrates information on this galaxy, it is possible to calculate mathematically the variation of consciousness levels in the unit of time (ɸ UT ).
The galaxy 3C-295, for example, is a quasar that emanates very intense radiation and was discovered in 1960. The name derives from being the 295th object listed in the Third catalog of radio sources of Cambridge. The distance of the galaxies is estimated considering the redshift, i.e. a phenomenon where the light or another electromagnetic radiation emitted by an object has a longer wavelength than the one it had at the emission. This means that if, for example, a very distant galaxy sends out a light of blue color, after some time, as the distance increases, the color will tend to turn red. The redshift of the galaxy 3C 295 is equal to z = 0.461 (Jarvis et al., 2001) . For z less than 1, the speed can be calculated with the following formula:
Therefore, we will have that the velocity "V" of the galaxy 3C-295 is: V = 0.461 . 300000 km/s = 138300 km/s Assume that Albert is on Earth, while Giulio is on the galaxy 3C-295. Although they are so distant, each of them decides to play the piano. They both play the same song "Sweetwater" by Ramin Djawadi whose duration is about 3 minutes (180 s). Assume that while Albert plays on Earth, some of his neurons integrate a quantity of information in the unit of time ɸ UT = 1.91677 ɸ/s. Giulio, on the other hand, is on a planet in the 3C-295 galaxy and, while he is playing, some of his neurons integrate the same amount of information per second (1.91677 ɸ/s). Albert is on Earth, therefore, the calculation of ɸ in the unit of time is: ɸ UT (Albert) = ɸ ⋅ t = 1.91677 . 180 s = 345.0186
For Giulio, however, the situation is different because in Albert's reference frame he moves, together with his Galaxy, at a speed of 138300 km/s (i.e. the speed at which Earth moves away from galaxy 3C-295). This entails a time dilation, and, consequently, a decrease in the amount of information integrated in the unit of time, which can be calculated as follows:
Since the velocity "V" in the calculation of the displacement of the galaxies is equal to V = z • c, we can replace the V with "z • c" (when z is less than 1), and we will therefore have:
Where, simplifying, it remains:
is the amount of integrated information produced in a still system, t is the time and z the estimated redshift value. The quantity in brackets represents how much time passes on 3C-295 galaxy while 180 s pass on Earth. If from Earth, Albert would know how much information per time unity is integrating Giulio with respect to himself while he plays the piano, he should make the following computation: Giulio has a ɸ UT of 306.1695 with respect to Albert who produced instead 345,0186 ɸ UT (considering that in the reference frame Albert is still). Not only the amount of integrated information per time unit is lower for Giulio with respect to Albert, but we should also consider that when Albert has finished to play (at the 180 th second), Giulio, with respect to Albert, will be more or less at the 159 th second. This means that with respect to Albert, Giulio will have played about 20 s less and that he will have integrated an amount of information per time unit of about 38.8491 ɸ UT (what enough for both to play 20 s). Of course, this is valid if one hypothesizes, for simplicity, that the 3 neurons utilized by our players would produce every second the same amount of integrated information.
There may therefore be a "horizon of conscious events" beyond which the levels of ɸ UT reach zero. Mathematically it may be possible to identify this horizon of conscious events by finding the distance beyond which the universe around us begins to expand at a speed equal to that of light. In this case, in fact we would have that V=c, so:
We must also consider that the horizon of conscious events is not stable and stationary, but in continuous expansion, as long as the speed with which the galaxies expand continues to increase. Moreover, we must take into account the fact that "wherever the galaxy with an observer is located, all the other galaxies will move away from it" (Capra, 2010) . This means that the position of the horizon of conscious events changes in relation to the position of the observer. In other words, an observer from Earth must consider the horizon of conscious events with respect to the Earth, while an observer present in another galaxy will have to consider the horizon of conscious events in relation to their reference. The horizon of conscious events starts from the distance beyond which the expansion of the universe equals the speed of light c. Fig. 5 shows the horizon of conscious events in relation to the point of view of a terrestrial observer. It can be seen how the Galaxy 3C-295 is inside the red circle, this means that the level of consciousness measured in the unit of time (ɸ UT ) is greater than zero, since the speed with which this galaxy moves with respect to the Earth is lower than that of light. Near the red line, however, the galaxies move at the speed of light, which means that from our point of view, the time for them is still and the level of ɸ UT will be equal to zero. Finally, in the case of the Gn-z11 galaxy, the situation is quite different, as it moves away from the Earth at speeds higher than those of light, placing the application of the calculations in a condition that is not easy to be interpret.
Conclusion
In this paper we have hypothesized a calculation of the information integrated in the time unit (ɸ UT ) and we have seen how the levels of ɸ vary in relation to the effects of relativity. Considering two conscious systems that integrate the same amount of information, and assuming that one of them moves at very high speeds, the integrated information, considered in the time unit, will be less in the moving system. The higher the speed of movement of a conscious system, the lower the amount of integrated information measured in the unit of time. In other words, the quantity of ɸ UT is indirectly proportional to the speed of displacement of a conscious system. These effects exist even at more ordinary speeds, but for them to be visible, it is necessary to interface with speeds close to those of light.
Currently, it is impossible to move at speeds close to those of light, but we can consider natural phenomena like a galaxy motion in which this happens and understand how the effects of relativity on consciousness are tangible. The universe is expanding and distant galaxies move away from each other at high speeds (even higher than those of light (Jarvis et al., 2001) ), the more distant the galaxies are, the more high is their speed (Capra, 2010) . Starting from this fact, we can compute the level of information integrated in the unit of time (ɸ UT ) that a possible conscious system, present on another galaxy moving away from ours, could integrate.
The use of the principle of time dilatation alone is, of course, restrictive to fully understand the juxtaposition of the special Theory of Relativity and the IIT. In order to solve all the various paradoxes deriving from such application, it is necessary to consider the principles of contraction of lengths and synchronization of clocks (as well as other phenomena arising from General Relativity). Surely, it will be possible to deepen the question and resolve any paradoxes with a vision that looks beyond the time dilatation.
In conclusion, although consciousness may seem an elusive phenomenon, it is tangibly connected to the space-time, and its characteristics impact the features of experience. The application of the contraction of lengths and synchronization of clocks will exacerbate any paradoxes and will open a vision on the modification of the neuronal structure at high speeds, as well as on the asynchrony of the experience perceived by two beings that move along the same spatial direction. For now, the consideration of the principle of temporal dilatation in the IIT has laid the groundwork for understanding that it is possible to relate consciousness with the universal foundations of space and time through a scientific approach. The road to the study of consciousness, therefore, is not intended to be limited to the investigation of brain topography but can branch off to other areas of research in order to provide new and interesting perspectives. Moreover, as the present study has shown, the amount of consciousness of a system does not depend only on the properties of its physical substratum, but also on how the latter relates to the space-time.
